Increasing evidence suggests that myeloid bone marrow-derived cells (BMDCs) play a critical role in lung metastasis. Blockade of VEGF receptor 1 (VEGFR1) has been proposed as a potential strategy to limit myeloid BMDC recruitment to tumors. However, preclinical evidence indicates that this strategy may not be effective in all tumors. Thus, establishing which molecular mechanisms are responsible for the "escape" of these BMDCs from VEGFR1 inhibition would facilitate development of strategies to control metastasis. Here, we report the complementary role of the chemokine (C-X-C motif) ligand 12/C-X-C chemokine receptor 4 (CXCR4) and VEGF/VEGFR1 pathways in promoting lung metastasis in mice via BMDC recruitment using chimeric mice with deficiency in CXCR4 and VEGFR1-tyrosine kinase in the BMDCs. We first demonstrate that CXCR4 activity is essential for recruitment of myeloid differentiation antigen (Gr-1)-positive BMDCs, whereas VEGFR1 activity is responsible for macrophage recruitment in established tumors. Inhibition of both VEGFR1 and CXCR4 signaling in myeloid BMDCs exerted greater effects on tumor vascular density, growth, and lung metastasis than inhibition of VEGFR1 alone. These effects were reproduced after pharmacologic inhibition of CXCR4 with AMD3100. VEGFR1 and CXCR4 independently exerted a promigratory effect in myeloid BMDCs by activating p38 mitogen-activating protein kinase. Thus, combining CXCR4 blockade with inhibition of VEGFR1 may induce greater tumor growth delay and prevent or inhibit metastasis.
Increasing evidence suggests that myeloid bone marrow-derived cells (BMDCs) play a critical role in lung metastasis. Blockade of VEGF receptor 1 (VEGFR1) has been proposed as a potential strategy to limit myeloid BMDC recruitment to tumors. However, preclinical evidence indicates that this strategy may not be effective in all tumors. Thus, establishing which molecular mechanisms are responsible for the "escape" of these BMDCs from VEGFR1 inhibition would facilitate development of strategies to control metastasis. Here, we report the complementary role of the chemokine (C-X-C motif) ligand 12/C-X-C chemokine receptor 4 (CXCR4) and VEGF/VEGFR1 pathways in promoting lung metastasis in mice via BMDC recruitment using chimeric mice with deficiency in CXCR4 and VEGFR1-tyrosine kinase in the BMDCs. We first demonstrate that CXCR4 activity is essential for recruitment of myeloid differentiation antigen (Gr-1)-positive BMDCs, whereas VEGFR1 activity is responsible for macrophage recruitment in established tumors. Inhibition of both VEGFR1 and CXCR4 signaling in myeloid BMDCs exerted greater effects on tumor vascular density, growth, and lung metastasis than inhibition of VEGFR1 alone. These effects were reproduced after pharmacologic inhibition of CXCR4 with AMD3100. VEGFR1 and CXCR4 independently exerted a promigratory effect in myeloid BMDCs by activating p38 mitogen-activating protein kinase. Thus, combining CXCR4 blockade with inhibition of VEGFR1 may induce greater tumor growth delay and prevent or inhibit metastasis.
T o form distant metastases, cancer cells must have the ability to survive and reach the distal organ through circulation, extravasate, invade, and grow into a macroscopic tumor while evading the immune system (1) . The efficiency of this multistep process is governed by interactions between the cancer cells and the host cells (1, 2) .
Increasing evidence supports a critical role for the interaction between cancer cells and myeloid (CD11b + ) bone marrowderived cells (BMDCs) during tumor growth and metastasis. Myeloid BMDCs are mobilized into blood circulation and infiltrate the neoplastic tissues from early stages of tumor growth in response to tumor-and stroma-derived cytokines (3) . Upon recruitment to the tumor, some of these inflammatory cells may facilitate new blood vessel formation either by directly incorporating into the vessel wall or by secreting factors that promote angiogenesis and activate stromal fibroblasts (4-6). For example, both tumor-associated macrophages (TAMs) and myeloid differentiation antigen (Gr-1)-positive myeloid BMDCs can promote angiogenesis and tumor progression (5) . Of the cytokines that contribute to recruitment of myeloid BMDCs, VEGF, and placental growth factor (PlGF) may play important roles by activating their cognate tyrosine kinase (TK) receptor VEGF receptor 1 (VEGFR1) in TAMs (7). In particular, phosphorylation of p38 mitogen-activating protein kinase (p38 MAPK) is important for monocyte migration in response to VEGFR1 activation by VEGF or PlGF (8) . However, recruitment by tumors of other myeloid BMDCs-such as Gr-1 + BMDCs-is independent of VEGF or VEGFR1 activity (9, 10) . This may be critical for early metastatic growth because Gr-1 + myeloid BMDCs can promote tumor growth and mediate tumor resistance to anti-VEGF therapy (5, 10).
Because Gr-1 + myeloid BMDCs express C-X-C receptor type 4 (CXCR4 or fusin) in addition to VEGFR1, we hypothesized that the chemokine (C-X-C motif) ligand 12 (CXCL12)/CXCR4 pathway could compensate for inhibition of VEGFR1 activity in BMDCs and lead to tumor infiltration by these cells and promotion of metastasis. To test this hypothesis, we first evaluated the effect of genetic ablation of CXCR4-with or without inhibition of VEGFR1-TK activity-in BMDCs on primary tumor growth and metastasis in highly metastatic tumor models of breast and prostate cancer. Then we tested whether pharmacologic blockade of CXCR4 could overcome resistance to VEGFR1-TK inhibition in myeloid BMDCs and inhibit metastasis.
Results

Deletion of CXCR4 in BMDCs Has Moderate Effects on Primary Tumor
Growth but Substantially Reduces Metastasis Independently of VEGFR1-TK Activity in BMDCs. Because CXCR4 −/− mice are embryonically lethal and because CXCR4 is a critical player in hematopoietic stem cell trafficking, we induced CXCR4 deficiency in BMDCs after restorative bone marrow transplantation (BMT) in C57BL/6 mice using MxCre-CXCR4 flox/-mice as donors. We then induced Cre expression to generate CXCR4 −/− BMDCs in the BMT mice (referred heretofore as BMT-CXCR4 −/− mice; see Materials and Methods). To achieve inhibition of both CXCR4 and VEGFR-TK activity in BMDCs, we performed BMT from MxCre-CXCR4 flox/-
VEGFR1
TK−/− donor mice to lethally irradiated C57BL/6 mice and then induced the CXCR4 null phenotype in BMDCs (referred heretofore as BMT-CXCR4 −/−
TK−/− ). Next we evaluated the growth rate of TRAMP-C1 prostate tumors and E0771 mammary tumors in mice with BMDCs deficient for only CXCR4 or for both CXCR4 and VEGFR1-TK versus control (Materials and Methods). Both TRAMP-C1 and E0771 cells express detectable levels of CXCR4 transcripts by RT-PCR. However, BMDC-specific deficiency in CXCR4 and VEGFR1-TK induced a modest growth delay in both tumors, and BMDC-specific deficiency in CXCR4 alone induced a growth delay in the E0771 mammary carcinoma (Fig. 1A) . More importantly, lung metastatic burden after primary tumor resection was reduced by more than twofold in BMT-CXCR4 −/− mice and by more than threefold in BMT-CXCR4 −/− VEGFR1 TK−/− mice ( Fig. 1 B and C) . Thus, BMDC-specific inhibition of CXCR4 reduces metastasis-with or without VEGFR1-TK inhibition-despite the minimal delay in primary tumor growth. To dissect the mechanisms by which CXCR4 activity in BMDCs mediates metastasis, we next evaluated tumor angiogenesis and myeloid BMDC infiltration in the primary tumors.
CXCR4 Deletion in BMDCs Reduces Primary Tumor Angiogenesis
Independently of VEGFR1-TK Activity in BMDCs. We measured microvascular density (MVD) by quantitative immunostaining for MECA32 in sections from size-matched primary tumors (Materials and Methods). MVD was significantly decreased in both tumor models when grown in BMT-CXCR4 −/− or BMT-CXCR4
−/− VEGFR1 TK−/− mice compared with control BMT mice ( Fig. 2A) . Thus, the effect of CXCR4 deletion in BMDCs on metastasis may be at least in part mediated by inhibition of angiogenesis. In addition, we evaluated the tumor-infiltrated myeloid BMDCs by quantitative immunostaining with myeloid markers in sizematched primary tumors (Materials and Methods). In both tumor models, the total number of tumor-infiltrating myeloid BMDCs was significantly decreased in mice deficient for CXCR4 in their BMDCs (Fig. 2B) . However, further analysis of myeloid (CD11b + ) BMDC subsets showed that, whereas the tumor infiltration by Gr-1 + BMDCs was decreased in both BMT-CXCR4 −/− and BMT-CXCR4 −/− VEGFR1 TK−/− mice, the number of F4/80 + TAMs was reduced only in mice with BMDCs deficient in VEGFR1-TK ( Fig. 2 C and D) . Thus, the effect of CXCR4 inhibition in BMDCs on metastasis may be mediated by Gr-1 + myeloid BMDC recruitment to tumors. Next, to dissect the roles of CXCR4 and VEGFR1-TK in specific BMDC populations and to gain further insight into the kinetics of Gr-1 + myeloid BMDC recruitment to tumors, we used treatment with the CXCR4 inhibitor AMD3100 at different time points during tumor growth in BMT-VEGFR1
TK−/− mice and C57BL/6 mice (Materials and Methods).
Pharmacologic Blockade of CXCR4 Efficiently Delays Tumor Growth and Reduces Metastasis Only in Mice with VEGFR1-TK-Deficient
BMDCs. First, we tested the effect of CXCR4 inhibition alone by delivering AMD3100 using osmotic pumps from the time of tumor implantation (i.e., in a prevention setting). Consistent with the genetic deficiency model, AMD3100 treatment induced a minor and transient delay in the early growth of TRAMP-C1 and E0771 tumors ( Fig. 3 A and B) . On the other hand, whereas VEGFR1-TK inhibition in BMDCs induced a minor tumor growth delay in E0771 and TRAMP-C1 tumors, AMD3100 treatment substantially delayed tumor growth in BMT-VEGFR1
TK−/− mice ( Fig.  3 A and B). Next we evaluated the effect of AMD3100 treatment on the growth of established tumors (in an intervention setting, i.e., with the time for growth from 4 mm to ∼1 cm in diameter). Treatment with AMD3100 induced a less substantial growth delay in established TRAMP-C1 tumors, which was maintained after 4 wk of treatment only in BMT-VEGFR1 TK−/− mice (Fig. 3C ). Finally, we evaluated spontaneous lung metastasis after primary tumor resection. AMD3100 treatment significantly reduced metastatic burden in both tumor models only in BMT-VEGFR1 TK −/− mice ( Fig. 3 D and E). As seen in the genetic model of CXCR4 deficiency in BMDCs ( Fig. 1 B and C) , the inhibition of metastasis by AMD3100 treatment alone was significant only in the TRAMP-C1 model ( Fig. 3 D and E) . Thus, the effect of CXCR4 inhibition on metastasis is tumor-dependent, and inhibition of both CXCR4 and VEGFR1-TK in BMDCs is required to achieve a significant tumor growth delay and reduction of lung metastasis. We next evaluated the effects of AMD3100 treatment on tumor angiogenesis and myeloid BMDC infiltration in size-matched primary tumors.
CXCR4-Mediated Gr-1 + BMDC Infiltration Promotes Early Tumor
Growth and Metastasis. AMD3100 treatment alone decreased MVD when administered in a prevention setting in E0771 tumors but not in TRAMP-C1 tumors (Fig. 4A) . However, AMD3100 treatment decreased MVD in both tumors when grown in BMT-VEGFR1 TK−/− mice (Fig. 4A ). AMD3100 treatment had no effect on MVD when administered in an interventional setting (to established tumors), irrespective of VEGFR1-TK status in BMDCs (Fig. S1) .
Similarly, AMD3100 treatment alone decreased the number of total myeloid BMDCs only in E0771 tumors, but not in TRAMP-C1 tumors, and decreased the number of myeloid BMDCs in both tumors when grown in BMT-VEGFR1 TK−/− mice (Fig. 4B ). However, AMD3100 treatment decreased Gr-1 + myeloid BMDCs in both tumors irrespective of VEGFR1-TK status in BMDCs (Fig. 4C) . Consistent with data from the genetic deficiency model, CXCR4 inhibition by AMD3100 treatment did not affect the TAM infiltration in the tumors. However, when combined with VEGFR1-TK deficiency in BMDCs, CXCR4 blockade showed significantly decreased TAM infiltration in both tumor models (Fig. 4D) . Finally, to confirm the specific role of CXCR4 in Gr-1 + BMDC recruitment during early tumor growth, we evaluated the infiltration of Gr-1 + BMDCs in small (4-mm) tumors growing after AMD3100 treatment in a preventive setting. CXCR4 blockade significantly decreased the number of Gr-1 + BMDCs but not TAMs (Fig. S2 ). Thus, a substantial reduction in primary tumor growth and metastasis in these models required the combination of CXCR4 inhibition with AMD3100 with inhibition of VEGFR1-TK activity in BMDCs to reduce Gr-1 + myeloid BMDC as well as TAM infiltration and to inhibit angiogenesis.
CXCR4 and VEGFR1 Independently Mediate Gr-1 + BMDC and TAM Infiltration via p38 Activation. To reveal the mechanism of action of VEGFR1 and CXCR4 in myeloid BMDCs, we harvested bone marrow cells from C57BL/6 and VEGFR1 TK−/− mice and purified mononuclear myeloid BMDCs using magnetic separation for CD11b + cells. The migration of myeloid BMDCs in response to recombinant (r)VEGF (100 ng/mL) and rCXCL12 (100 ng/mL) was measured in a transwell assay with or without blockade of CXCR4 using 1 μg/mL of AMD3100. rVEGF and rCXCL12 significantly increased WT-myeloid BMDC migration, and the effect was reversed when using VEGFR1 TK−/− myeloid BMDCs or AMD3100, respectively (Fig. 5A) . Next we measured phosphorylated p38 MAPK-a key factor in cell migration-in myeloid BMDCs by Western blotting. rVEGF, rPlGF, and rCXCL12 rapidly increased p38 MAPK phosphorylation in myeloid BMDCs, with a peak level of activation after 30 min (Fig.  5B) . Blockade of VEGFR1-TK (using VEGFR1 TK−/− myeloid BMDCs) or CXCR4 (using AMD3100) selectively reversed the p38 MAPK phosphorylation induced in myeloid BMDC by rVEGF/rPlGF or by rCXCL12, respectively (Fig. 5C) . Blockade of p38 MAPK using SB203580 (1 μM) significantly reduced the migration of myeloid BMDCs, irrespective of the chemotactic stimulus (Fig. 5D ). To establish if CXCL12 and VEGF promote the migration of specific myeloid BMDC populations, we separated Gr-1 + and F4/80 + BMDCs and evaluated their migration in vitro. As expected, rVEGF increased the migration of F4/80 + BMDCs, and this effect was not seen when using VEGFR1 TK−/− F4/80 + BMDCs (Fig. 5E ). In contrast, rCXCL12 did not affect the migration of F4/80 + BMDCs, but significantly increased the migration of Gr-1 + BMDCs (Fig. 5 E and F) . The effect of rCXCL12 was reversed by AMD3100, but not by the use of VEGFR1 TK−/− Gr-1 + BMDCs (Fig. 5F ).
Discussion
CXCR4 is a receptor specific for CXCL12 (also known as stromal-derived factor 1α) (11). Knockout of CXCR4 or CXCL12 is lethal due to the pleiotropic activity of this pathway, which is critical for hematopoietic, neural, vascular, and craniofacial organogenesis (12, 13) . CXCR4 is constitutively expressed or induced by hypoxia in cancer cells and may mediate their migration and metastasis (14) . However, CXCR4 is also a marker of myeloid BMDCs and is critical for BMDC retention in the bone marrow as well as for circulating BMDC infiltration in tissues (15) (16) (17) . In brain tumors, hypoxia-inducible factor 1α (HIF-1α) activation-which can induce local expression of VEGF, PlGF, VEGFR1, and CXCL12-was shown to enhance the recruitment of multiple BMDC populations via the CXCL12/CXCR4 pathway (17) . However, the effects of CXCR4 activity on angiogenesis may be independent of the VEGF pathway (18, 19) . For example, in mice with brain tumors, treatment with a pan-VEGFR-TK inhibitor led to an increase in circulating CXCR4 + BMDCs and myeloid BMDC infiltration in the tumors growing in the face of treatment (20) . Our goal was to elucidate the interplay between CXCR4 and VEGFR1 activity specifically in myeloid BMDC subsets and to determine its impact on tumor angiogenesis, growth, and metastasis in two highly metastatic tumor models.
Recent reports indicate that VEGF pathway inhibition may not prevent metastasis formation on the basis of studies of anti-VEGF agents in experimental models in mice as well as trials in cancer patients treated in neoadjuvant or adjuvant settings (9, (21) (22) (23) (24) . Moreover, although blockade of VEGFR1 activity decreases the number of TAMs in certain tumors, it does not completely suppress myeloid BMDC infiltration in growing primary tumors or lung metastases (9, 25, 26) . This may be due, at least in part, to the inability of VEGF/VEGFR1 inhibition to prevent Gr-1 + myeloid cell infiltration into tumors (9, 10) . Because many recent studies have converged to make the finding that the CXCL12/CXCR4 pathway is activated after VEGF inhibition (20, (27) (28) (29) (30) (31) (32) (Table S1 ), we tested the hypothesis that CXCR4 activation leads to myeloid BMDC recruitment in the face of VEGFR1 inhibition in BMDCs.
To gain definitive genetic evidence that CXCR4 activity in BMDCs is required for VEGFR1-TK-independent BMDC recruitment in tumors and facilitation of tumor growth, we established an animal model for conditional CXCR4 deficiency with and without VEGFR1-TK deletion. Using TRAMP-C1 prostate carcinoma and E0771 mammary carcinoma models in C57BL/6 mice (33, 34), we demonstrate that CXCR4 activity in BMDC specifically mediates the tumor infiltration of Gr-1 + BMDCs during early tumor growth and metastasis formation. Moreover, we show that CXCR4-driven Gr-1 + BMDC infiltration is independent of the VEGFR1-TK activity blockade, which primarily mediates TAM infiltration in established tumors, and their interplay modulates primary tumor growth and angiogenesis. Although CXCR4 inhibition had a minor effect on primary tumor growth, it significantly reduced metastasis.
We further dissected the effect of CXCR4 versus VEGFR1 activity using a pharmacologic blockade of CXCR4 with AMD3100 alone versus VEGFR1-TK genetic inhibition. As in the genetic model, the effect of CXCR4 inhibition was specific reduction in Gr-1 + BMDC infiltration in the primary tumor, but the effects on tumor growth and metastasis were tumor-dependent. CXCR4 inhibition alone delayed primary tumor growth and metastasis in the TRAMP-C1 model. In the E0771 model, a significant delay in primary tumor growth and metastasis was seen only after concomitant inhibition of CXCR4 and VEGFR1 in BMDCs. Collectively, these data indicate that a CXCR4 blockade can reduce the infiltration of Gr-1 + BMDCs-independently of VEGFR1-TK activity in BMDCs-and delay early tumor growth and metastasis formation. This mechanism may potentially explain the association between increased CXCL12 concentration and poor outcome in cancer patients after anti-VEGF therapy (35) .
In vitro studies revealed that VEGF and CXCL12 independently affect the migration of myeloid BMDC subsets. This effect was pathway-specific as (i) the CXCR4 blockade did not affect myeloid BMDC migration in response to rVEGF, and (ii) VEGFR1 TK−/− myeloid BMDCs show increased migration in response to rCXCL12. To identify the mechanisms responsible for this "escape" from VEGFR1 inhibition in myeloid BMDCs, we evaluated the role of p38 MAPK in cell migration. We found that p38 MAPK phosphorylation is a common mediator of myeloid BMDC migration-downstream of both CXCR4 in Gr-1 + BMDCs and VEGFR1-TK in F4/80 + TAMs. In conclusion, inhibition of CXCR4 in myeloid BMDCs can suppress tumor growth, angiogenesis, and metastasis. This relies in a significant manner on selectively decreasing Gr-1 + BMDC infiltration in primary tumors. Activation of CXCR4 is particularly critical for Gr-1 + BMDC infiltration during tumor growth, whereas VEGFR1-TK activity selectively modulates TAM infiltration in established tumors. Our results indicate that inhibition of both CXCR4 and VEGFR1-TK activity may be required for a meaningful decrease in tumor angiogenesis, myeloid BMDC infiltration, and metastasis (Fig. 6 ). In addition, we show that p38 MAPK activation is a critical mediator downstream of both CXCR4 and VEGFR1-TK activation in BMDCs, which supports the development of p38 MAPK inhibitors for cancer (see clinicaltrials.gov). These results may also have important implications for therapeutics that are widely used in the clinic and suggest that combining the CXCR4 blockade with drugs that inhibit VEGFR1-TK activity may be a valid strategy to induce greater tumor growth delay and prevent or inhibit metastasis.
Materials and Methods
Reagents. We used human recombinant (r)VEGF (National Cancer Institute), mouse rCXCL12 and rPlGF (R&D Systems), AMD3100 (Sigma), Alzet osmotic pumps (DURECT), p38 MAPK and phospho-p38 MAPK antibodies (Cell Signaling), and a p38 inhibitor (Invitrogen) (SI Materials and Methods). TRAMP-C1 prostate cancer cells were purchased from ATCC. The E0771 breast cancer cell line was originally established by F. M. Sirotnak and kindly provided by E. Mihich (Roswell Park Memorial Institute) (34) . Both cell lines are derived from tumors from C57BL/6 mice. Bone Marrow Transplantation. C57BL/6 mice (8 wk old) were lethally irradiated ( 137 Cs Irradiator; Atomic Energy of Canada) using one 12-Gy fraction delivered to the whole body. Irradiated mice were rescued 24 h later by a bone marrow transplant isolated from Actb-GFP/C57BL/6. Eight weeks after BMT, we confirmed over 90-95% reconstruction from GFP-bone marrow cells using flow cytometry analyses. After we set up the irradiation condition for C57BL/6 mice, we carried out BMT using several genotyped mice. We used the following as bone marrow donors: WT C57BL/6 mice, VEGFR1 TK−/− mice, MxCre-CXCR4 + BMDCs (E) but not of Gr-1 + BMDCs (F), and this effect was abrogated by VEGFR1-TK inhibition (E). CXCL12 specifically increased the migration of Gr-1 + BMDCs, and this effect was reversed by CXCR4 but not by VEGFR1-TK inhibition. V, VEGF; P, PlGF, C, CXCL12; *P < 0.05 compared with control (N); error bars represent mean ± SEM. Fig. 6 . Model of BMDC contribution to tumors during metastasis. On the basis of our data, we propose a model in which the recruitment of tumorpromoting myeloid BMDCs is sequential. First, small tumors primarily recruit Gr-1 + myeloid BMDCs for their early growth using CXCL12/CXCR4 pathway to activate p38 MAPK in these cells. Next, established tumors recruit primarily macrophages by VEGFR1-TK and p38 MAPK activation in these BMDCs. This cycle may repeat during micrometastasis growth into a metastatic nodule: Initially the micrometastases may recruit Gr1 + myeloid BMDCs and, when established in a metastatic nodule, may recruit macrophages that are resident in the adjacent lung or from blood circulation. (Drawing courtesy of Lance L. Munn, Massachusetts General Hospital, Boston).
Tumor Implantation and Metastasis Assay. TRAMP-C1 tumors were implanted s.c. in male C57BL/6 mice, and E0771 tumors were implanted s.c. in female C57BL/6 mice after BMT and recovery and/or after BMT and Mx-Cre recombination (n = 5-6 mice) (SI Materials and Methods). Primary tumors were resected when they reached a diameter of 10 mm (TRAMP-C1) or 13 mm (E0771), sizes that have been shown to reproducibly induce lung metastasis in pilot studies. Lung tissue was isolated from mice 2-4 wk after removal of the primary tumor.
Pharmacologic CXCR4 Inhibition Using AMD3100. AMD3100 was delivered by s.c. Alzet pumps containing 10 mg/mL AMD3100 in PBS at a dose of 60 μg/day, and pumps with PBS only were used as a control. The pumps were replaced every 2 wk.
Immunohistochemistry and Western Blot Analysis. Primary tumor tissues were fixed and frozen (SI Materials and Methods). Sections were stained with rat antibodies against mouse CD11b, MECA 32, Gr-1 (BD Pharmingen), and F4/80 (Serotec). Cy3-or FITC-conjugated secondary antibodies were used for the detection of signals by confocal microscopy. Slides were counterstained with DAPI for nuclear staining. The number of cells was quantified by measuring the area occupied by immunostained mononuclear cells normalized by the area of DAPI-stained nuclei (i.e., unitless). Phopho-p38 MAPK level was measured by Western blotting (SI Materials and Methods).
Isolation of Mononuclear Cells and CD11b
+ , F4/80 + , and Gr-1 + BMDCs. Bone marrow cells were collected in heparin-mixed PBS. The cellular filtrate was washed and a layer containing mononuclear BM cells was separated using Histopaque-1083 (Sigma). For the migration assay, BM cells were separated by CD11b, F4/80, or Gr-1 magnetic microbeads (MACS-beads; Miltenyi Biotech) from VEGFR1 TK+/+ and VEGFR1 TK−/− mice as per manufacturer's protocol.
These cells were incubated with recombinant proteins for migration assays (see SI Materials and Methods).
Statistical Analysis. All data are expressed as mean ± SEM. The Student t test was used for all analyses. We considered a p value of less than 0.05 to be statistically significant.
